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18 Figure S6 . Mode Table S1 summarises the stakeholders involved in the participatory system dynamics modelling, including the interviews and workshops to develop the qualitative model. In addition, a Māori steering group included 15 regional representatives. There was overlap in representation between the groups as some stakeholders represented more than one of the target groups. The groups represented were based on the requirements of the NZ Land Transport Management Act ([Anonymous] 2003) . Table S1 . Groups represented in the participatory system dynamics modelling process. People with disabilities self-identified as such and were represented by a member of the local council's disabilities steering group. Maori and Pacific representatives identified themselves as belonging to these ethnic groups and were drawn from a network of governmental and non-governmental organisations. Young people were defined as aged younger than 18. Public health representatives included professionals working at the Auckland Regional Public
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Health Service and public health academics. Table S2 . Summary of formal validation procedures. Adapted from Forrester and Senge (1980) , Barlas (1996) , Sterman (2000) and van den Belt (2004) . 
Sensitivity analysis
Formal validation Specific procedures Description
Policy parameter sensitivity testing
Infrastructure costs
The sensitivity of total and annual policy costs was tested to the range of infrastructure costs provided by Auckland transport (summarised in Table S4 ). The best estimate cost for the SER pilot study was used as an upper bound (range $100,000-300,000). A range of $100,000-300,000 was also used for the ASBL policy.
The ranges for total and annual average costs to 2051 under all policy scenarios are shown in Table S5 . The model is order-of-magnitude sensitive to these assumptions for scenarios 2 and 5. Self explaining local road $300,000 $300,000 numbers. In a worst case scenario, the same mode share is achieved, with a similar perception of safety, but 500 fatal and serious cyclist injuries and a large increase in the rate of serious injury to 10/1000 cyclists per year. The behavioural stability of injury outcomes under these upper and lower bounds is demonstrated in Figure S1 .
Running 30 
Self explaining local roads (SER)
Worst and best case scenarios for the effect of SER on vehicle-cyclist collisions have similar effects on mode share. In a best case scenario this policy results in 158 serious/fatal cyclist injuries per year by 2051, and an injury rate of 2.9/1000 cyclists/year. At its worst the SER policy has similar effects, resulting in 182 serious/fatal injuries per year and an injury rate of 3.4/1000 cyclists per year by 2051.
Other effects of SER policy also have an impact on cycling injury outcomes. Best and worst case estimates for the effect of SER on the average speed of local roads result in a narrow range of annual serious/fatal cyclist injuries between 145-180 and a range of injury rates between 2.6 and 3.3/1000 cyclists per year. Testing the effect of SER on the proportion of peak time light vehicles on arterial and local roads using a range of reductions between 5 and 45% makes no difference to injury outcomes. Injury outcomes for this policy are most sensitive to assumptions about the effect of SER on the proportion of peak time cycling spent on arterial roads (baseline is 50%). A range of effects between a reduction to 45% and a reduction to 15% results in a range of serious/fatal injuries of 111-212/year and a range of injury rates between 1.8 and 4/1000 cyclists by 2051.
Random simulation across normal and uniform distributions for the effect of the SER policy on cycling perception of safety, cycling good for work and light vehicles hassle free results in the wide ranges for mode shares seen in Table S6 . 
Mixed universal policy (ASBL + SER)
Best and worst case scenarios were tested using the range of collision rates for the components of policies tested earlier, as well as the range for the SER proportion of cyclists on arterial roads. These two simulations result in a range of serious and fatal injuries between 223 and 1177/year by 2051 and injury rates between 0.7 and 3.6/1000 cyclists per year ( Figure S3 ). 
Monte Carlo analysis
A Monte Carlo approach was used to randomly sample from distributions of variables determining mode share to provide a range for the mode share outcomes of each scenario.
The results of these analyses are summarised in Table S7 . It can be seen that cycling mode share is order-of-magnitude sensitive to assumptions under scenarios 3 and 4. Some overlap between scenarios is also evident from the Monte Carlo analysis ( Figure ) , but the model retains its ability to distinguish between scenarios 2, 3 and 5. Annual injury outcomes exhibit less overlap than the mode share outcomes overall, although a greater degree of overlap was again seen in the injury ranges for scenarios 3 and 5.
Assumptions about safety in numbers and variables influencing the effect of commuter cycling on all-cause mortality were tested separately. Changing the threshold for the safety in numbers effect to 5% cycling mode share did not alter the behaviour or order of magnitude of injury outcomes. However, simulating the power function from Jacobsen with no threshold changed the behaviour of injury outcomes. Simulating the range of relative risks of all-cause mortality for commuter cycling (using a Monte Carlo approach with the confidence intervals in the literature) altered the order of magnitude of all-cause mortality savings for all scenarios and disabled the ability of the model to distinguish between any of the active interventions.
Monte Carlo simulation of a plausible range of lead times for physical activity benefits to accrue led to order-of-magnitude differences for scenarios 2 and 5, while only retaining the ability of the model to distinguish between scenario 2 and 5. LV always or mostly safe = GRAPH(TIME) (1991, 0.75), (1992, 0.75), (1993, 0.75), (1994, 0.75), (1995, 0.75), (1996, 0.75), (1997, 0.75), (1998, 0.75), (1999, 0.75 LV good for work = GRAPH(TIME) (1991, 0.65), (1992, 0.65), (1993, 0.65), (1994, 0.65), (1995, 0.65), (1996, 0.65), (1997, 0.65), (1998, 0.65), (1999, 0.65 (2045, 0.19), (2046, 0.19), (2047, 0.19), (2048, 0.19), (2049, 0.19), (2050, 0.19) walk hassle free = GRAPH(TIME) (1991, 0.47), (1992, 0.47), (1993, 0.47), (1994, 0.47), (1995, 0.47), (1996, 0.47), (1997, 0.47), (1998, 0.47), (1999, 0.47 (2018, 0.39), (2021, 0.315), (2024, 0.277), (2027, 0.255), (2030, 0.25), (2033, 0.24), (2036, 0.24), (2039, 0.24), (2042, 0.23), (2045, 0.23), (2048, 0.23), (2051, 0.23) light fleet PM10 emission improvement = GRAPH(TIME) (1991, 1.20), (1994, 1.19), (1997, 1.14) , (2000, 1.07), (2003, 0.99), (2006, 0.877), (2009, 0.72), (2012, 0.593), (2015, 0.472), (2018, 0.39), (2021, 0.315), (2024, 0.277), (2027, 0.255), (2030, 0.25), (2033, 0.24), (2036, 0.24), (2039, 0.24), (2042, 0.23), (2045, 0.23), (2048, 0.23), (2051, 0.23) total popn growth = GRAPH(TIME) (1991, 1.01), (1997, 1.01), (2003, 1.03), (2009, 1.03), (2015, 1.01), (2021, 1.01), (2026, 1.01), (2032, 1.01), (2038, 1.01), (2044, 1.01), (2050, 1.01) total popn growth = GRAPH(TIME) 
Simulation model equations
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